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BY-NC-ND license (http://creativecomBackground/Purpose: Postoperative acute lung injury (ALI) after liver transplantation is clini-
cally relevant and common. The perioperative thoracic fluid indices changes as well as the as-
sociation with ALI in liver transplantation have not been thoroughly investigated.
Methods: A total of 52 consecutive adult recipients for elective living donor liver transplanta-
tion were enrolled. Each recipient received the same perioperative care plan. Thoracic fluid
indices, including the cardiac index, intrathoracic blood volume index (ITBVI), extravascular
lung water index (EVLWI), and pulmonary vascular permeability index (PVPI), were obtained
at seven time points (pretransplantation, anhepatic phase, 30 minutes after reperfusion,
2 hours after reperfusion, and postoperative days 1e3) using the pulse contour cardiac output
system. The indices of those who developed ALI (PaO2/FiO2 < 300 mmHg with lung infiltrates
on chest X-ray) were compared with the indices of those who did not.
Results: Recipients who developed postoperative ALI had longer mechanical ventilation dura-
tion and had a higher model for end-stage liver disease score, required more platelet transfu-
sion, and were higher in pretransplant EVLWI and PVPI level. During the anhepatic phase,
ITBVI, central venous pressure, cardiac index, and EVLWI decreased and PVPI increased. After
transplantation, ITBVI increased above pretransplant status, while EVLWI and PVPI were com-
parable in both groups.
Conclusion: Recipients who did or did not develop ALI after liver transplantation had a longer
mechanical ventilation duration and showed different patterns of perioperative thoracic fluidave no conflicts of interest relevant to this article.
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j.jfma.2016.08.001indices, especially in the pretransplant status of PVPI level. Knowledge of these perioperative
changes may provide clinicians with helpful information to make postoperative care choices.
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Postoperative acute lung injury (ALI) during the 1st 72 hours
after liver transplantation is not uncommon.1e3 Injury may
occur because liver transplantation is often associated with
prolonged operative time, large volumes of fluid adminis-
tration and transfusion, as well as inflammatory responses
related to ischemiaereperfusion injury.4,5 For more precise
perioperative hemodynamic and fluid management, mod-
ern monitoring systems, such as the pulse contour cardiac
output (PiCCO) system, have been devised and reported in
recent years.6e8 The PiCCO system uses the thermodilution
technique to determine the cardiac index (CI) and thoracic
fluid indices such as the intrathoracic blood volume index
(ITBVI), extravascular lung water index (EVLWI), and pul-
monary vascular permeability index (PVPI), all of which
may reflect pulmonary fluid and injury status. However,
perioperative changes in thoracic fluid indices in liver
transplantation and their associations with postoperative
ALI are not yet clear. In this study, we aimed to determine
patterns of changes in perioperative thoracic fluid indices
and compare these changes in recipients who did or did not
develop postoperative ALI.Methods
Patients and anesthesia
Ethical approval for the study was provided by the Research
Ethics Committee of National Taiwan University Hospital,
Taipei, Taiwan. After receiving Institutional Review Board
approval of our study protocol and written informed con-
sents from all patients, we consecutively enrolled 52 adult
recipients with end stage liver disease receiving living
donor liver transplantation from February 2004 to October
2008. The exclusion criteria were as follows: < 20 years of
age, history of pulmonary resection, chronic respiratory
insufficiency, cardiac dysfunction (as determined by pre-
operative echocardiography), and failure of the surgery.
General anesthesia was induced with intravenous fen-
tanyl 2 mg/kg, etomidate 0.3 mg/kg, and cisatracurium
0.15 mg/kg, and then was maintained in a standard manner
involving the use of desflurane in an air/oxygen mixture and
intravenous infusions of fentanyl and cisatracurium. After
general anesthesia, a triple-lumen 5.5-French catheter
(Arrow Central Venous Catheter; Teleflex Life Sciences
Ltd., Athlone, Ireland) was placed through a puncture into
the right internal jugular vein. A 4-French thermistor-
tipped arterial catheter (Pulsiocath Thermodilution Cath-
eter; Pulsion Medical Systems, Munich, Germany) was
inserted into the right femoral artery, advanced to thean K-C, et al., Patterns of periope
injury, Journal of the Formabdominal aorta, and connected to the PiCCO system
monitor (version 6.0; Pulsion Medical Systems, Feldkirchen,
Germany).9 During the surgery, anesthetic depth was
maintained by keeping the bispectral index between 40 and
60. Mechanical ventilation was set with a tidal volume of
8e10 mL/kg (based on ideal body weight) and respiratory
rate 10e20/min to maintain normocapnia and positive end-
expiratory pressure (PEEP) of 5 cmH2O. The maximal peak
inspiratory pressure was set at 35 cmH2O.Living donor liver transplantation procedure and
intraoperative care
The same surgical team performed all liver transplantation
procedures using the piggyback technique without veno-
venous bypass.1 Decisions regarding administration of fluids
and blood products were made according to the same
standards of care, to provide hemodynamic stability,
correction of unexpected coagulation abnormalities, and
bleeding. Temporary dopamine infusion or norepinephrine
boluses were given to maintain the mean arterial pressure
above 65 mmHg intraoperatively.Thoracic fluid index calibration, measurement, and
postoperative lung injury definition
After setup of the PiCCO system and calibration by trans-
pulmonary thermodilution according to manufacturer’s
guidelines, the hemodynamic parameters were obtained
and recorded.10 The PiCCO system was used to measure CI,
ITBVI, EVLWI, PVPI, and we recalibrated and recorded in
the following sequence: (1) pretransplant status (right after
set-up of the PiCCO system); (2) anhepatic phase; (3)
30 minutes after liver reperfusion (R1/2); (4) 2 hours after
liver reperfusion (R2); (5) postoperative day (POD) 1; (6)
POD 2, and (7) POD 3. Mean arterial pressure and central
venous pressure (CVP) were also recorded concurrently.
EVLWI was calculated by dividing the measured volume of
lung water by the predicted body weight, which was
calculated as 50 þ 0.91  (centimeters of height e 152.4)
for men and 45.5 þ 0.91  (centimeters of height e 152.4)
for women. Additionally, this technique allows for the
determination of the intrathoracic blood volume and the
global end-diastolic volume. The ITBVI was then deter-
mined by dividing the intrathoracic blood volumes by the
body surface area. The pulmonary blood volume (PBV) was
defined as the intrathoracic blood volume e global end-
diastolic volume. PVPI was calculated as the EVLW divided
by the PBV (PVPI Z EVLW/PBV) as a means to normalize
EVLW for differences in central blood volumes.rative thoracic fluid indices changes in liver transplantation with or
osan Medical Association (2016), http://dx.doi.org/10.1016/
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+ MODELPostoperative ALI was diagnosed according to the latest
2012 Berlin definition of acute respiratory distress syn-
drome by the PaO2/FiO2 < 300 mmHg and acute onset of
bilateral infiltrates on the chest radiograph that were not
fully explained by cardiac failure during POD1 to POD3.11,12
Chest radiographs were evaluated by two independent ra-
diologists. Differences in opinion were settled by discussion
between the two radiologists. Parameters including intra-
operative profiles and perioperative thoracic fluid indices
were analyzed and compared in recipients who did or did
not develop postoperative ALI.
Postoperative care
All patients were admitted to the same intensive care unit
(ICU) immediately after surgery, and anesthesia was
maintained until ICU admission. No patients were extu-
bated in the operating room at the end of surgery in our
center. Upon arrival at the ICU, each patient received the
same initial respiratory care regulated by our institutional
protocol. The initial mechanical ventilatory settings were
set at FiO2 60%, a tidal volume of 8e10 mL/kg (based on
ideal body weight), respiratory rate 12e20/min, and PEEP
of 5 cmH2O. The maximal peak inspiratory pressure was set
at 35 cmH2O. The FiO2 and PEEP were titrated according to
regular arterial blood gas analysis every 8 hours. Chest
radiography was repeated daily during the ICU stay. Pa-
tients were extubated in the ICU using the same weaning
criteria including clear consciousness, clean chest radio-
graph, rapid shallow breathing index, or respiratory rate/
tidal volume ratio 105 breaths/min/L (tidal volume 5 mL/
kg, frequency < 30 breaths/min; maximum inspiratory
pressure or negative inspiratory force < 30 cmH2O). During
the ICU stay, echocardiography was arranged to exclude
cardiogenic pulmonary edema in patients with suspected
clinical signs and symptoms.
Statistical analysis
Data analysis was performed by statisticians who were
blinded for the purpose of this study. Analysis of varianceTable 1 Pretransplant patients’ characteristics.
With PAL
(n Z 24)
Age (y) 52.17 
Sex, n male (%) 20 (83.3%
Baseline albumin level (g/dL) 3.19  0
Etiologies of end-stage liver disease, n (%)
Viral hepatitis 19 (79.2)
Others 5 (20.8)
Presence of ascites, n (%) 14 (58.3)
MELD score 19.50 
FVC, % of prediction 97.18 
FEV1, % of prediction 92.60 
Lung injury score (PaO2/FiO2) (mmHg) 360.6 
FEV1 Z forced expiratory volume in 1 second; FVC Z forced
PALI Z postoperative acute lung injury.
Please cite this article in press as: Chan K-C, et al., Patterns of periope
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significance of differences in means between and within
the groups, and posthoc analysis using the Tukey method
was performed if any time effects and ⁄or time-group in-
teractions proved significant by analysis of variance for
repeated measurements.13 Hypothesis testing was two-
tailed at a significance level of p < 0.05, with power >
0.9. All statistical analysis and graphs were performed using
SigmaPlot for Windows, version 12 (SAS Institute, Cary, NC,
USA).Results
Patient pretransplant characteristics
The patients’ characteristics are summarized in Table 1.
Recipients who did and did not develop postoperative ALI
had a comparable average age (about 52 years; pZ 0.907)
and prevalence of ascites before transplantation (58.3% vs.
42.9%; p Z 0.266). Echocardiography revealed no pre-
transplant cardiac dysfunction, such as left ventricle failure
in all patients. The most common etiology of end-stage
liver disease was viral hepatitis. The model for end-stage
liver disease (MELD) score was higher in the injury group
(19.50  9.26 vs. 13.86  3.79, p Z 0.005; Table 1). The
pretransplant lung function test was also comparable be-
tween the two groups.
Intraoperative profiles
The two groups had comparable operation times and
anhepatic phase duration, intraoperative blood loss
(6533  5105 mL and 4625  3922 mL, respectively,
pZ 0.12), intraoperative intravenous fluid volume, amount
of albumin administered, and amount of whole blood,
packed red blood cells, and fresh frozen plasma transfused
(Table 2). Recipients who developed postoperative ALI
required a significantly larger number of platelet trans-
fusion units (45.54  27.89 vs. 30.71  23.34 units;
p Z 0.025; Table 2).I Without PALI
(n Z 28)
p
8.87 52.46  9.35 0.907
) 17 (60.7%) 0.124
.49 3.45  0.59 0.103
20 (71.4) 0.749
8 (28.6)
12 (42.9) 0.266
9.26 13.86  3.79 0.005
20.39 90.18  13.46 0.200
17.16 88.17  13.92 0.180
98.7 466.7  94.8 0.04
vital capacity; MELD Z model for end-stage liver disease;
rative thoracic fluid indices changes in liver transplantation with or
osan Medical Association (2016), http://dx.doi.org/10.1016/
Table 2 Intraoperative profiles and short-term and long-
term outcomes.
With PALI
(n Z 24)
Without
PALI
(n Z 28)
p
Operation time
(min)
550.0  95.5 566.2  120.1 0.87
Anhepatic time 102.71  28.11 98.68  36.9 0.27
Blood loss (mL) 6533  5105 4625  3922 0.12
Transfusion
Whole blood (U) 3.58  5.43 2  4.74 0.14
PRBC (U) 17.92  17.43 12.39  8.89 0.49
FFP (U) 27.79  21.44 28.64  15.6 0.06
Platelet (U) 45.54  27.89 30.71  23.34 0.025
Albumin usage
(bot)
2.5  2.64 2.63  2.51 0.79
Intravenous fluid
(mL)
2933  2172 2943  1995 0.88
Mechanical
ventilation
duration (d)
4.9  2.8 3.0  2.6 0.018
ICU stay (d) 11.2  6.2 10.0  7.1 0.52
Hospital stay (d) 41.5  18.3 42.6  18.4 0.83
1-y survival, n (%) 23 (95.8) 28 (100) 0.46
5-y survival, n (%) 22 (91.7) 22 (78.6) 0.26
ICU Z intensive care unit; FFP Z fresh frozen plasma;
MVZ mechanical ventilation; PALI Z postoperative acute lung
injury; PRBC Z packed red blood cell.
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fluid indices between recipients who did or did not
develop postoperative ALI
Changes and differences in perioperative thoracic fluid
indices between recipients who did or did not develop
postoperative ALI are summarized in Table 3. EVLWI was
significantly higher in the injury group before trans-
plantation (8.1  1.4 vs. 7.1  1.5 mL/kg, pZ 0.005; Table
3, Figure 1) and decreased significantly during the anhe-
patic phase in both groups [7.6  2.0 (injury group) and
6.8  1.4 mL/kg (noninjury group); pZ 0.03; Table 3]. The
higher EVLWI in the injury group persisted 2 hours after
reperfusion (7.7  1.7 vs. 6.9  1.1 mL/kg; pZ 0.02; Table
3, Figure 1). In POD1 and POD2, EVLWI was still higher in the
injury group but not statistically significant (7.9  1.9
[injury group] vs. 7.1  1.1 [noninjury] mL/kg, pZ 0.07 for
POD1; 8.5  1.9 [injury group] vs. 7.5  1.6 [noninjury
group] mL/kg, p Z 0.06 for POD2; Table 3, Figure 1).
PVPI was significantly higher before transplantation in
the injury group [1.7  0.3 (injury group) vs. 1.4  0.3
(noninjury group), p Z 0.001; Table 3, Figure 2] and
increased significantly during the anhepatic phase in both
groups (1.9  0.6 and 1.6  0.3 in the injury and noninjury
groups, respectively; Table 3, Figure 2). The significantly
higher PVPI in the injury group persisted (p Z 0.02;
Figure 2) until after liver transplantation, when PVPI
became comparable between groups (Table 3, Figure 2).
The ITBVI, CVP, and CI decreased significantly between
the pretransplant phase and anhepatic phasePlease cite this article in press as: Chan K-C, et al., Patterns of periope
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j.jfma.2016.08.001[pretransplant ITBVI (802.9  153.8 and 872.4  137.9 mL/
m2) vs. anhepatic ITBVI (695.5  140.5 and
745.3  139.2 mL/m2) in both the injury and noninjury
groups, respectively; time effect p < 0.001; Table 3,
Figure 3; pretransplant CVP (7.6  2.3 and 6.6  1.6 mmHg)
vs. anhepatic CVP (5.6  2.4 and 4.3  2.4 mmHg) in both
the injury and noninjury groups, respectively; time effect
p < 0.001; Table 3; pretransplant CI (4.6  1.1 and
4.6  1.1 L/min/m2] vs. anhepatic CI (3.4  1.0 and
3.5  1.2 L/min/m2) in both the injury and noninjury
groups, respectively, time effect p < 0.001; Table 3]. After
liver transplantation, ITBVI, CVP, and CI increased signifi-
cantly above pretransplant levels beginning on POD1 in
both groups (Table 3) and were comparable between groups
at each time point. The CVP level was higher in the injury
group than in the noninjury group during the investigated
period (analysis of variance group effect, p Z 0.03), but
was all within the normal range.
Postoperative short-term and long-term outcomes
profiles
No recipient required sustained vasoconstrictor or inotropic
support in the postoperative period. The mechanical
ventilation duration was significantly longer in the injury
group than in the noninjury group (4.9  2.8 vs.
3.0  2.6 days, p Z 0.018). The ICU stay (11.2  6.2 vs.
10.0  7.1 days, pZ 0.52) and hospital stay (41.5  18.3 vs.
42.6  18.4 days, p Z 0.83; Table 2) were not significantly
different between the two groups. There were also no sig-
nificant differences in 1-year and 5-year survival rates be-
tween patients with or without postoperative ALI (Table 2).
Discussion
The main findings of this study are that thoracic fluid
indices changed from pretransplant background levels as
follows: (1) recipients who developed postoperative ALI had
higher pretransplant EVLWI and PVPI levels; (2) EVLWI
decreased and PVPI increased during the anhepatic phase;
(3) after liver transplantation, EVLWI did not significantly
resolve but PVPI became comparable between the two
groups; and (4) ITBVI, CVP, and CI decreased during the
anhepatic phase and then increased after liver
transplantation.
In the current study, recipients who developed post-
operative ALI had a higher pretransplant EVLWI level. The
investigation of extravascular lung water may improve
diagnostic accuracy of lung injury detection.14 Previous
studies have shown that the accumulation of extravascular
lung water correlate to multiorgan dysfunction and mor-
tality in sepsis, severity of sepsis-induced ALI,15,16 and
survival in critically ill patients.17 Most recently, two re-
ports demonstrated the possible predictive value of EVLWI
in ALI.18,19 Audimoolam et al20 reported that EVLWI was a
moderately sensitive (65%) and specific (77%) predictor of
acute respiratory distress syndrome in acute hepatic failure
patients. LeTourneau et al19 followed daily EVLWI for 5 days
in 29 patients after admission to the ICU. They found that
elevated EVLWI and PVPI on Day 1 might serve as an indi-
cator of early ALI. In our current study, recipients whorative thoracic fluid indices changes in liver transplantation with or
osan Medical Association (2016), http://dx.doi.org/10.1016/
Table 3 Perioperative thoracic fluid, preload and hemodynamic indices changes, and associations.
PALI Pretransplant AH R1/2 R2 POD1 POD2 POD3 ANOVA
time
effect
ANOVA
group
effect
ANOVA
time-group
interaction
EVLWI
(mL/kg)
With
(n Z 24)
8.1  1.4 7.6  2.0 7.7  1.7 7.7  1.7 7.6  1.9 8.2  1.8 7.8  1.1 p Z 0.037 p Z 0.014 p Z 0.69
Without
(n Z 28)
7.1  1.5 6.8  1.4 7.2  1.1 6.9  1.1 7.2  1.2 7.7  1.7 7.6  1.8
PVPI With
(n Z 24)
1.7  0.3 1.9  0.6 1.7  0.3 1.6  0.4 1.4  0.3 1.4  0.4 1.4  0.3 p < 0.001 p Z 0.05 p Z 0.04
Without
(n Z 28)
1.4  0.3 1.6  0.3 1.5  0.2 1.4  0.3 1.3  0.3 1.4  0.5 1.4  0.4
ITBVI
(mL/m)
With
(n Z 24)
802.9  153.8 695.5  140.5 754.3  141.2 797.5  165.7 933.7  147.1 954.7  118.2 947.0  119.1 p < 0.001 p Z 0.6 p Z 0.24
Without
(n Z 28)
872.4  137.9 745.3  139.2 816.7  150.2 831.3  168.3 947.0  172.2 943.5  167.9 966.9  142.6
CVP
(mmHg)
With
(n Z 24)
7.6  2.3 5.6  2.4 6.2  2.5 6.5  2.3 9.3  2.2 9.4  2.7 9.8  2.6 p < 0.001 p Z 0.03 p Z 0.98
Without
(n Z 28)
6.6  1.6 4.3  2.4 5.3  2.7 5.0  2.9 8.4  2.7 8.2  2.4 8.8  3.0
CI
(L/min/m2)
With
(n Z 24)
4.6  1.1 3.4  1.0 5.0  1.0 5.0  0.8 5.2  0.9 5.3  1.1 5.1  1.0 p < 0.001 p Z 0.56 p Z 0.17
Without
(n Z 28)
4.4  1.1 3.5  1.2 4.5  1.2 4.7  1.1 5.1  1.1 5.2  1.2 5.4  1.3
MAP
(mmHg)
With
(n Z 24)
82.8  10.2 78.8  11.8 78.2  11.1 77.3  12.6 89.9  11.0 97.0  10.6 97.9  12.4 p < 0.001 p Z 0.17 p Z 0.96
Without
(n Z 28)
84.4  13.4 81.5  9.9 81.8  9.1 81.9  10.8 90.8  12.6 90.8  12.2 100.5  14.1
Data are mean  standard deviation.
AH Z anhepatic phase; CI Z cardiac index; CVP Z central venous pressure; EVLWI Z extravascular lung water index; ITBVI Z intrathoracic blood volume index; MAP Z mean arterial
pressure; PALI Z postoperative acute lung injury; POD Z postoperative day; PVPI Z pulmonary vascular permeability index; R1/2 Z 30 minutes after reperfusion; R2 Z 2 hours after
reperfusion.
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Figure 1 Perioperative changes of extravascular lung water
index with (;) or without (6) postoperative acute lung injury.
* Significant difference with p < 0.05. AH Z anhepatic phase;
POD Z postoperative day; R1/2 Z 30 minutes after reperfu-
sion; R2 Z 2 hours after reperfusion.
Figure 3 Perioperative changes of intrathoracic blood vol-
ume index with (;) or without (6) acute lung injury. No sig-
nificant difference between groups. AH Z anhepatic phase;
POD Z postoperative day; R1/2 Z 30 minutes after reperfu-
sion; R2 Z 2 hours after reperfusion.
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+ MODELdeveloped postoperative ALI had a higher pretransplant
EVLWI. Compatible with the above references, this result
implies that a higher pretransplant EVWLI may be predic-
tive of postoperative ALI in liver transplant recipients.
PVPI is influenced by several factors, such as perme-
ability of the alveolocapillary barrier, lung inflammation,
the integrity of the lymph drainage, and alveolar fluid
clearance. All these factors might explain why PVPI was
found to be higher in acute respiratory distress syndrome
(ARDS) and ALI than in hydrostatic lung edema.21,22 For
more than 20 years, some authors have estimated that PVPI
was the pivotal pathophysiological hallmark of ARDS and
should be included in the definition of ARDS.23,24 However,
it was not until recent years that PVPI was available and
reliable for perioperative uses. PVPI originally had beenFigure 2 Perioperative changes of pulmonary vascular
permeability index with (;) or without (6) postoperative
acute lung injury. * Significant difference with p < 0.05.
AH Z anhepatic phase; POD Z postoperative day; R1/2 Z 30
minutes after reperfusion; R2 Z 2 hours after reperfusion.
Please cite this article in press as: Chan K-C, et al., Patterns of periope
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j.jfma.2016.08.001used as a diagnostic tool to differentiate the etiology of
ARDS from that of cardiogenic edema.21,25,26 In the past
3 years, there have been a growing number of articles in
critical care literature that use PVPI to stratify patient risk
of developing ARDS.18,20,25,27 However, its role in liver
transplantation has never been explored. Our main finding
regarding that pretransplant EVLWI and PVPI were higher in
recipients who developed postoperative ALI were also
compatible to the results noted by Audimoolam et al’s19
and LeTourneau et al’s20 studies on ICU patients. Despite
our findings regarding the possible value of pretransplant
EVLWI and PVPI, both values are lower than previous re-
ports (EVLWI: 8 mL/kg vs. 10 mL/kg and PVPI: 1.7 vs. 2.7).
This may be due to the fact that most previous studies were
conducted in ICU patients, which consist of a wider variety
of patients including trauma, sepsis, cardiac dysfunction,
and massive aspiration, etc. Our data has a much smaller
standard deviation, which also reflected more homogenous
patient characteristics. In addition, end-stage liver disease
patients have special hemodynamic alterations such as a
hyperdynamic circulation, high cardiac output, and low
systemic vascular resistance that are very unique to other
patient populations.28
Recently, Garutti et al29 reported that the EVLWI and
PVPI measured at the end of surgery were independent
predictors of prolonged mechanical ventilation after liver
transplantation. Our study is compatible to their findings
regarding the associations between elevated thoracic fluid
indices and pulmonary dysfunction after liver trans-
plantation. In Garutti et al’s29 study, the pretransplant
EVLWI and PVPI were also higher in patients with prolonged
mechanical ventilation, but did not reach statistical sig-
nificance. However, we found that the pretransplant EVLWI
and PVPI were more relevant to ALI after liver trans-
plantation. The discrepancy may be because of the defini-
tion of primary outcome. In Garutti et al’s29 study,
prolonged mechanical ventilation was the primary outcome
which was most relevant to individual institutional weaning
protocol and thus was a more subjective outcome. Therative thoracic fluid indices changes in liver transplantation with or
osan Medical Association (2016), http://dx.doi.org/10.1016/
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+ MODELprimary outcome of our study is more objective, because
patients were diagnosed based on PaO2/FiO2 ratio and chest
radiography findings (by 2012 Berlin definition of ARDS).
Because other short-term outcomes such as ICU stay and
hospital stay could be influenced by multiple factors other
than ALI,30 we did not find longer stays in ICU and hospital in
patients who developed postoperative ALI in our cohort. In
addition, the long-term outcomes, including 1-year and 5-
year survival, were well maintained in our cohort (98.1%
and 84.6%, respectively).
Pulmonary dysfunction is common in patients awaiting
liver transplantation.31 Although some studies have shown
that MELD score is an independent risk factor of post-
operative pulmonary complications,32,33 no studies have
reported that pulmonary dysfunction in patients awaiting
liver transplantation was correlated to the MELD score. In
our study, recipients who developed postoperative ALI
had a higher MELD score. Higher pretransplant EVLWI and
PVPI level and lower oxygenation (PaO2/FiO2;
360.6  98.7 mmHg vs. 466.7  94.8 mmHg, p Z 0.04;
Table 1) were also noted in the ALI patients, although with
a comparable preoperative pulmonary function test to the
non-ALI group. This may imply that there is preexisting
deterioration of the PaO2/FiO2 ratio in high MELD score
patients that cannot be differentiated by traditional
pulmonary function test. However, because the etiology
of pulmonary dysfunction before liver transplantation is
diverse,31 further studies are needed to investigate the
correlation between pretransplant pulmonary dysfunction
and MELD score.
The mechanisms behind: (1) the increase of PVPI during
the anhepatic phase; (2) a rapid decrease with reperfusion;
and (3) a further decrease to lower levels after liver
transplantation, may be multifactorial. It was reported that
proinflammatory cytokines such as interleukin-6 (IL-6)
dramatically increased (> 100 times higher than control)
during the anhepatic phase.34 The mechanisms of elevated
IL-6 may be due to the stagnated venous congestion in the
splanchnic beds by portal vein cross-clamping. In addition,
the intraoperative endotoxin level was highest at the
anhepatic phase and the endotoxemia resolved quickly
after reperfusion.35,36 An increase of inflammatory re-
sponses by cytokines and endotoxemia may partly
contribute to the increase of PVPI during the anhepatic
phase. In addition, although the piggyback method is
associated with a better return of lower body blood flow by
caval preservation, the pulmonary blood flow may be still
impaired by the portal venous cross-clamping during the
anhepatic phase, resulting in further increase of PVPI dur-
ing the anhepatic phase. Therefore, an abrupt increase of
PVPI during the anhepatic phase may be due to an inflam-
matory responses and the disturbance of venous return.
During the reperfusion phase, because of the quickly
resolved endotoxemia35 and improvement of venous return,
PVPI quickly decreased below its level during the anhepatic
phase. The reperfusion period is still associated with a high
proinflammatory cytokine level, such as tumor necrosis
factor-alpha.34,35 Twelve hours after reperfusion, some
proinflammatory cytokines such as IL-6 started to
decrease.35 Therefore, after liver transplantation, PVPI
decreased to a lower level than during the reperfusion
phase (Figure 2).Please cite this article in press as: Chan K-C, et al., Patterns of periope
without postoperative acute lung injury, Journal of the Form
j.jfma.2016.08.001In this study, the changes in ITBVI, CVP, and CI were
similar at each time point. These results may occur because
the three parameters are associated with preload status.
ITBVI is reported to be a more precise indicator of total
venous preload than CVP.37,38 The significant decrease in
ITBVI, CVP, and CI during the anhepatic phase may be due
to the decrease in venous return caused by partial clamping
of the inferior vena cava.39 After liver transplantation, the
ITBVI, CVP, and CI increase above pretransplant levels, the
increase being possibly due to improved portal blood flow.40
The changes of ITBVI, CVP, and CI may indicate the circu-
latory effects of surgical manipulations.
In this study with continuous observation, our results
showed a clear time course of cardiac and pulmonary
changes during and after liver transplantation. Anhepatic
phase was associated with a significant decrease of preload
and CI, but reperfusion restored, even significantly
increased them. In contrast, the preoperatively elevated
pulmonary permeability resolved more slowly after trans-
plantation than those on systemic circulation. However, our
results did not suggest significant reperfusion pulmonary
injuries as shown by PVPI and EVLWI and liver trans-
plantation still reversed the permeability changes.
There has been a paradigm shift in the management of
ALI toward prevention before respiratory failure.41 The
changes in perioperative thoracic fluid indices may be
helpful information to caregivers to prevent postoperative
ALI. Recipients with higher pretransplant EVLWI and PVPI
(EVLWI of 8.1  1.4 mL/kg and PVPI of 1.7  0.3 in this
study) may be at greater risk for developing postoperative
ALI. Therefore, a planned perioperative care with a more
restrictive fluid strategy may be favorable to prevent
postoperative acute pulmonary complications.
This study is, to the best of our knowledge, the first to
report that thorough changes in thoracic fluid indices occur
intraoperatively and during the acute postoperative period.
The major limitation of this study is that the case number
was limited. Because postoperative ALI is associated with
multiple etiology and risk factors,3,33 a series of studies is
needed to analyze as many risk factors as possible to
further confirm the potential roles of pretransplant PVPI as
independent risk factors for postoperative ALI. A larger
case number and a more detailed analysis, such as multiple
regression analysis, will be carried out in our future work.
In conclusion, our report indicates that perioperative
thoracic fluid indices change in recipients of liver trans-
plants. During the anhepatic phase, CI, ITBVI, and EVLWI
decrease and PVPI increases. Pretransplant EVLWI and PVPI
are higher in recipients who develop postoperative ALI.
Monitoring thoracic indices perioperatively may provide
clinicians with helpful information facilitating their de-
livery of postoperative care. This study may help future
researches for postoperative ALI following liver
transplantation.Acknowledgments
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